SYNOPSIS
The two minute slope method of measuring cerebral blood flow (CBF) by inhalation of '33Xe is described. It requires the subject to remain still for only two minutes and is thus applicable to a wide variety of patients and to investigations involving brief physiological stimuli. The influence of extracerebral blood flow on CBF calculated by this method has been studied. Results from the two minute slope inhalation method using two minutes of data correlate well with those obtained by carotid injection using either two minutes or 10 minutes of data.
Quantitative measurements of cerebral blood flow (CBF) in man have been possible for more than 20 years, using the inert gas clearance method. In the early years nitrous oxide inhalation was used (Kety and Schmidt, 1945, 1948) with sampling of jugular venous concentrations, but in the last 12 years the most common method has been to measure the wash-out of radioactive tracers using external detectors placed over the skull (Glass and Harper, 1963) . It has so far been held that the only reliable way to introduce the isotope is by injection into the carotid artery in the neck, and this has limited the application of CBF measurements in clinical practice largely to patients already undergoing carotid angiography. For this reason, considerable attention is now being paid to atraumatic techniques, and in particular the 133Xe inhalation technique. This gives rise to two problems which do not apply with intracarotid injection of 133Xe: recirculation of isotope from the rest of the body, and contamination of extracerebral tissue.
There is a variety of versions of the inhalation technique using analogue computing (Mallett and Veall, 1965; Crawley, 1968) or digital computing (Obrist et al., 1967; Kral et al., 1973) , with inhalation times varying from one minute to five minutes, and measurement times ranging from two minutes to 50 minutes. (Accepted 9 September 1975.) 
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The method described here, called the two minute slope method, has been developed in order to reduce the duration of each investigation so as to minimise changes in other physiological variables during the course of CBF measurement and to make it practical for patients with limited tolerance or cooperation.
METHODS
PROCEDURE The respiratory apparatus used ( Fig. 1 (Fig. 2) . The taps are then turned to produce the closed loop breathing system and the 133Xe-air mixture is breathed for two minutes, at the end of which it is abruptly stopped by reverting to the open loop breathing system. To conform with the mathematical assumptions, 30 seconds are allowed to elapse before recording the clearance from the head for two minutes. The calculation of clearance rates from the head using the PDP-12 computer takes eight minutes if the gamma camera is used but only a few seconds with the single channel detectors.
THEORY An 'initial slope' index has been used for a number of years to calculate mean CBF after intracarotid injection of isotope (Paulson et al., 1969; Olesen et al., 1971) . The assumption underlying this method is that, for the first one or two minutes after injection, the mean slope of the clearance curve, on a semi-logarithmic scale, is proportional to mean CBF. The results obtained using this method tend to reflect blood flow in the faster compartment of the brain.
Using a PDP-12 computer, we have synthesized clearance curves using various arterial concentration functions and a range of values of cerebral blood flow. When plotted on a semilogarithmic scale, these curves are approximately linear for a two minute period starting 30 seconds into the desaturation phase after inhalation. Clearance curves recorded from patients were similar to these synthetic curves. This indicated that an initial slope method of analysis would be at least as valid after inhalation as after injection.
The equation implicit in this assumption is c(t) = Be-Ht2.5 < t < 4.5(1 KH will be referred to as the clearance rate from the head.
The passage of tracer through the brain is represented by the equation (Kety, 1972) : (Zierler, 1965; Wyper and Rowan, 1972) , mean flow is measured and not grey and white matter flows. The partition coefficient used is therefore somewhat arbitrary because the relative weights of grey and white matter perfused with 133Xe depend on the flow in each compartment, the relative mass ofeach tissue, the inhalation time, and the part of the clearance curve over which flows are measured. We calculated a mean partition coefficient of 1.14 using mean grey and white matter flows and weights obtained using the 133Xe injection technique on 19 patients with varying pathologies. This assumes a grey matter partition coefficient of 0.8 and a white matter partition coefficient of 1.5 (Lassen and Ingvar, 1972) . Using the data of Wilkinson et al. (1969) on 10 normal subjects, a value of 1.10 was obtained for mean partition coefficient.
Equation (1) We have studied this by generating simulated three compartment clearance curves on our PDP-12 and then using the two minute slope analysis method to calculate CBF from these curves. Figure 4 shows that, for a range of values If it is wished to translate an inhalation result to an injection result this equation can be used.
DISCUSSION
The main advantage of the inhalation technique is that it is atraumatic and is therefore applicable to a much wider group of patients than is a method which depends on carotid puncture. It is also possible to use it for studies on normal subjects and both with them and with patients repeated measurements over hours, days, or weeks are possible. The radiation dose per measurement to the lungs (the critical organ) is 70 m.rad, which is less than half that from a chest radiograph. The total time of the investigation using the two minute slope method is five minutes and the washout from the head is recorded for the final two minutes when the position of the head must be fixed in relation to the detectors. The use of such a brief time interval enables the patient to maintain reasonably steady state conditions, even if hypocapnic or hypercapnic responses are being studied. It has also enabled CBF measurements to be made on confused or demented patients. We also have the facility for a 12 minute bicompartmental analysis method but find we can use this in less than 20% of our investigations.
One difficulty encountered in practice is that of choosing a suitably fitting mouth piece and often several have to be tried.
CBF calculated by this method, which uses inhalation and two minutes of data, has been shown to correlate well with results using the H/A method, which uses intracarotid injection and 10 minutes ofdata. 
